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1 Introduction

1.1 Purpose

This manual documents the rules used for modeling residential buildings for Performance
Compliance under the 2013 California Energy Efficiency Standards for Low-Rise Residential
Buildings. Documentation of detailed calculation algorithms is contained in the companion volume:

California Residential Alternative Calculation Method - Algorithms

1.2 Other sections TBD




2013 Residential ACM Reference Manual — DRAFT 2.1 Overview

2 The Proposed Design and Standard Design

2.1 Overview

This chapter describes how the Proposed Design is modeled and how the Standard Design is
established.

2.1.1 Proposed Design

The building configuration is defined by the user through entries for floor areas, wall areas, roof and
ceiling areas, fenestration areas, and door areas. Each is entered along with performance
characteristics such as U-factors, SHGC, thermal mass, etc. Information about the orientation and tilt
is required for walls, fenestration and other elements. The user entries for all of these building
elements shall be consistent with the actual building design and configuration. If the Compliance
Software models the specific geometry of the building by using a coordinate system or graphic entry
technique, the data generated shall be consistent with the actual building design and configuration.

2.1.2 Standard Design

The Standard Design building has the same floor area, volume, and configuration as the Proposed
Design, except that wall and window areas are distributed equally between the four main compass
points, North, East, South and West. For alterations, the Standard Design shall have the same wall
and fenestration areas and orientations as the proposed building. The details are described below.

The space conditioning energy budget for the residential Standards is the energy that would be used
by a building similar to the Proposed Design if the proposed building met the requirements of the
prescriptive Standards. The process of generating the Standard Design is performed automatically
by the Compliance Software, based on fixed and restricted inputs and assumptions. The process of
custom budget generation shall not be accessible to program users for modification when the
program is used for compliance purposes or when compliance forms are generated by the program.

The basis of the Standard Design is prescriptive Package A, which is contained in §150.1(c) of the
Standards, Table 150.1-A. The Package A requirements (not repeated here) vary by climate zone.
Reference Joint Appendix JA2, Table 2-1 contains the 16 California climate zones and their
representative city. The climate zone can be found by city, county and zip code in JA2.1.1. The
following sections present the details on how the Proposed Design and Standard Design are
determined.

For many modeling assumptions, the Standard Design is the same as the Proposed Design. Only
when a building has Special Features, for which the Commission has established alternate modeling
assumptions, will the Standard Design use features that differ from the Proposed Design so the
building receives appropriate credit for its efficiency. Typically, these measures require verification.
Alternate features, such as zonal control, are documented as Special Features on the Certificate of
Compliance. Verified features are documented on the CF-1R.
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2.2 The Building

The building configuration is defined through entries for floor areas, building volume, wall areas,
roof and ceiling areas, fenestration areas, and door areas (all surfaces separating conditioned space
from exterior or unconditioned spaces such as a garage or storage). Each are entered along with
performance characteristics such as U-factors, SHGC, construction, etc. The orientation and tilt (see
Figure 2-1) is required for walls, fenestration and other elements. Building elements shall be
consistent with the actual building design and configuration.

Wall and window areas are distributed equally between the four main compass points, North, East,
South and West to determine the Standard Design. For alterations and additions, the Standard
Design shall have the same wall and fenestration areas and orientations as the proposed building.
The details are described below.

Figure 2-1: Surface Definitions

Outside Inside

Outside '\Ilr]Side
Walls have a tilt ) . _
greater than 60 IRoofshhav(;eoa tilt Outside Eloors have a tilt
but less than 120 (fSSt anf h of 180 degrees
degrees from the egrees from the from the
horizontal horizontal

horizontal

2.2.1 Standards Version

This input determines which federal appliance efficiency requirements for cooling equipment apply
to this project. They allow the user to choose compliance that will be valid only before the federal
requirements change or compliance that will be valid both before and after the change. Eligibility for
solar electric system credit also depends on this choice.

PROPOSED DESIGN

The user inputs his choice of:

Compliance 2014: valid through December 2014 (with current Federal Air Conditioning
efficiency requirements

Compliance 2015: any time (with 2015 Federal Air Conditioning Requirements) and solar
credit.
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STANDARD DESIGN

The standard design cooling equipment efficiency is based on the specified version of the
federal requirements. If Compliance 2015 is selected, a minimum EER meeting the 2015
standard is included.

VERIFICATION & REPORTING

Compliance version is reported on the CFIR

2.2.2 Climate and Weather

PROPOSED DESIGN

The user inputs the zip code of the address of the proposed building and the software automatically
selects the Climate Zone for compliance requirements and calculation inputs. The weather file,
design temperatures and Time Dependent Valuation (TDV) of energy factors are a function of the
Climate Zone. Compliance software assumes that the ground surrounding residential buildings has
a reflectivity of 20 percent in both summer and winter.

STANDARD DESIGN

The standard design Climate Zone is the same as the Proposed Design.

VERIFICATION & REPORTING

The zip code and climate zone of the proposed design is reported on the CF1 for verification.

2.2.3 Air Leakage and Infiltration

Air leakage is a building level characteristic. The Compliance Software distributes the leakage over

the envelope surfaces in accordance with the building configuration and constructs a pressure flow
network to simulate the air flows between the conditioned zones, unconditioned zones and outside.

2.2.3.1 CFM50 and ACH50

The air flow through a blower door at 50 pascals (Pa) of pressure measured in cubic feet per minute
is called CFM50. CFM50 x 60 minutes divided by the volume of conditioned space is the air changes
per hour at 50 Pa, called ACH50. Either CFM50 or ACH50 can be used to describe the leakage of the
building depending on the circumstances.

PROPOSED DESIGN

ACHS50 defaults to 5 for new construction in single family buildings and 7 for all other
buildings that have heating and/or cooling system ducts outside of conditioned space. In
buildings with no heating and/or cooling system ducts in unconditioned space the default
ACHS50 is 4.4 for single family detached and 6.2 for all others.

Specific data on ACHS50 may be entered if the single family house or townhouse will have
verified building air leakage testing. In multi-family buildings, due to the lack of an
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applicable measurement standard, ACH50 is fixed at the above defaults and is not a
compliance variable. User input of an ACHS50 less than the default value is a Special Feature
that requires post-construction verification.

STANDARD DESIGN

The Standard Design shall have 5 ACH50.

VERIFICATION AND REPORTING

Diagnostic Testing for Reduced Infiltration. When the user chooses verified building air
leakage testing, the diagnostic testing shall be performed using procedures specified in
Reference Residential Appendix RA3.8. The specifications for diagnostic testing and the
target values specified above shall be reported in the HERS Required Verification listings on
the Certificate of Compliance.

2.2.3.2 Defining Air Net Leakage

The Compliance Software shall create an air leakage network for the Proposed and Standard Design
using the user input building description. Air leakage is distributed across the envelope surfaces
according to the factors in Table 2-1. The air network shall be insensitive to wind direction. For
buildings modeled with multiple conditioned zones, a 20 square foot open door shall be assumed
between any two conditioned zones where a door is shown on the plans. A 30 square foot open
stairwell shall be assumed between any two conditioned zones where a stair is shown on the plans.

The only difference between the air network for the Proposed and Standard Designs is the ACHS50 if
the user specifies a value lower than the default.

Table 2-1: Air Leakage Distribution

% of Total Leakage by Surface

Exterior House to Garage
Configuration Ceilings Floors Walls Surfaces
Slab on grade 50 0
Raised Floor 40 10
No Garage 50 0
Attached Garage 40 10

2.2.4 High Quality Insulation Installation

The Compliance Software user may specify either Unverified or Verified high quality insulation
installation for the Proposed Design. Buildings with Unverified insulation installation are modeled
with lower performing cavity insulation in framed walls, ceilings and floors and with added winter
heat flow between the conditioned zone and attic to represent construction cavities open to the attic
(see Table 2-2). Unverified insulation does not affect the performance of continuous sheathing in any
construction.
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PROPOSED DESIGN

The Compliance Software user may specify Verified high quality insulation installation at the
building level.

The default is Unverified insulation installation.

STANDARD DESIGN

The Standard Design shall be modeled with Unverified insulation installation quality.

VERIFICATION AND REPORTING

The presence of Verified high quality insulation installation shall be reported in the HERS
Required Verification listings on the CF-1R. Verified high quality insulation installation shall
be certified by the installer and field verified to comply with RA3.5. Credit for Verified high
quality insulation installation is applicable to ceilings/attics, knee walls, exterior walls and
exterior floors.

Table 2-2: Modeling Rules for Unverified Insulation Installation Quality

Component Modification

Walls Multiply the cavity insulation R-value/inch by 0.7

Ceilings/Roofs Multiply the blown and batt insulation R-value/inch by 0.96-0.00347*R
Ceiling below attic Add a heat flow from the conditioned zone to the attic of 0.015 times

the area of the ceiling below attic times (the conditioned zone
temperature - attic temperature) whenever the attic is colder than the
conditioned space

For alterations to existing pre-1978 construction, no wall degradation shall be assumed for
the existing wall since this construction is assumed to have no insulation to degrade.

2.2.5 Dwelling Unit Types

Internal gains and indoor air quality (IAQ) ventilation calculations depend on the Conditioned Floor
Area and number of bedrooms. For single-family homes this is straightforward, but for multifamily
buildings with individual IAQ ventilation systems each different combination of bedrooms and
conditioned floor area has a different minimum ventilation CFM that must be verified. A dwelling
unit type is one or more dwelling units in the building, each of which has the same floor area,
number of bedrooms and appliances.

PROPOSED DESIGN

For each dwelling unit type the user inputs the following information:

e Unit name
e Number of this unit in building
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2.2.6

e Conditioned Floor Area (CFA) in square feet

e Number of bedrooms

e Unit has dishwasher?

e Unit has clothes washer and dryer or hookups provided?

STANDARD DESIGN

The Standard Design shall have the same number and type of dwelling units as the Proposed
Design.

VERIFICATION AND REPORTING

The number of units of each type and minimum IAQ ventilation for each unit shall be
reported on the CF1 for use in field verification.

Orientation

The input for the building front orientation is the azimuth of the front of the building. This will
generally be the side of the building where the front door is located. The orientation of the other
sides of a rectangular building viewed from the outside looking at the front door are called left, right
and back and the Compliance Software calculates their azimuth from this input.

2.2.7

PROPOSED DESIGN

The user chooses whether he wants compliance for any orientation or for the building
oriented at a specific orientation. For the specific orientation case, input the azimuth of the
front.

STANDARD DESIGN

The Compliance Software constructs a Standard Design building that has 25% of the wall and
window area facing each cardinal orientation.

VERIFICATION AND REPORTING

A typical reported value would be "290° (west)". This would indicate that the front of the
building faces north 70° west in surveyors terms. The closest orientation on 45° compass
points should be verbally reported in parenthesis, e.g., north, northeast, east, southeast,
south, southwest, west or northwest. When compliance is shown for multiple orientations,
"all orientations" may be reported. When "all orientations" is reported it shall be included in
the Special Features Inspection Checklist.

Natural Gas Availability

PROPOSED DESIGN

The user specifies whether natural gas is available at the site.
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STANDARD DESIGN
The Standard Design has natural gas water heating if natural gas is available at the site;

otherwise it is liquefied petroleum gas (LPG).

VERIFICATION AND REPORTING
2.2.8 Solar

For users with single family and town house projects in Climate Zone 9 through 15 who select
Compliance 2015 to comply under the updated federal appliance standards, there is a credit
available for photovoltaic systems. The photovoltaic systems must be 2 kWDC or larger. The credit is
the smaller of:

PV Generation Rate (kTDV/kWdc) * kWdc
Max PV Cooling Credit * Standard Design Cooling Energy (kTDV)

Where the factors are shown in Table 2-3.

Table 2-3: PV Credit Calculation Factors

Max PV Cooling Credit
Climate PV Generation Rate (% of Standard Design
Zone (kTDV/kWdc) Cooling kTDV/ft2)

09 30269 13%
10 30342 15%
11 29791 18%
12 29556 17%
13 29676 17%
14 31969 16%
15 29536 19%

PROPOSED DESIGN

For users in the applicable climate zone with the applicable project type and standards
version the software allows the the user to input the rated power of the solar system in
kilowatts DC. The software automatically calculates the solar credit.

STANDARD DESIGN

The standard design has no PV system

VERIFICATION AND REPORTING

A solar credit is a special feature that is reported on the CF1R.

8
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2.2.9 Materials and Construction Assemblies

The Compliance Software allows the user to create and edit construction assemblies.

2.2.9.1 Materials

Only materials approved by the commission may be used in defining constructions. Table 2-3 shows
the materials available for construction assemblies.

Table 2-4: Materials List

Coefficient for

Temperature
Adjustment of Specific R-Value
Material Name Thickness Conductivity Conductivity Heat Density per Inch
(in.) (Btu/h-°F-ft) (°F(-1)) (Btu/Ib-°F) (Ib/ft3) (°F-ft2-h/Btu-in)
Gypsum Board 0.5 0.09167 0.27 40 0.9091
Wood layer 0.5 0.06127 0.45 41 1.36
R4 Synth
Stucco 1 0.02083 0.00418 0.35 1.5 4
3 Coat Stucco 0.875 0.4167 0.2 116 0.2
Carpet 0.5 0.02 0.34 12.3 4.1667
Light Roof 0.2 1 0.2 120 0.0833
5 PSF Roof 0.5 1 0.2 120 0.0833
10 PSF Roof 1 1 0.2 120 0.0833
15 PSF Roof 1.5 1 0.2 120 0.0833
25 PSF Roof 2.5 1 0.2 120 0.0833
TileGap 0.75 0.07353 0.24 0.075 1.1333
SlabOnGrade 3.5 1 0.2 144 0.0833
Earth 1 0.2 115 0.0833
Crawl 12 0.16667 0.24 0.075 0.5
SoftWood 0.08167 0.39 35 1.0204
Concrete 1 0.2 144 0.0833
R1 Sheathing 1 0.08333 0.00418 0.35 1.5 1
R2 Sheathing 1 0.04167 0.00418 0.35 15 2
R3 Sheathing 1 0.02778 0.00418 0.35 1.5 3
R4 Sheathing 1 0.02083 0.00418 0.35 1.5 4
R5 Sheathing 1 0.01667 0.00418 0.35 1.5 5
R6 Sheathing 1 0.01389 0.00418 0.35 1.5 6
R7 Sheathing 1 0.0119 0.00418 0.35 15 7
R8 Sheathing 1 0.01042 0.00418 0.35 1.5 8

MATERIAL NAME

The material name is used to select the material for a construction.
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THICKNESS

Some materials such as 3 coat stucco are defined with a specific thickness (not editable by the
compliance user) that is listed in the table. The thickness of other materials, such as Softwood
used for framing, is specified by the compliance user based on the constructions in the
building.

CONDUCTIVITY

The conductivity of the material is the steady state heat flow per square foot, per foot of
thickness, per degree Fahrenheit temperature difference. It is used in simulating the heat flow
in the construction.

COEFFICIENT FOR TEMPERATURE ADJUSTMENT OF CONDUCTIVITY

The conductivity of insulation materials varies hourly with their temperature according to
the coefficient listed. Other materials have a coefficient of 0 and their conductivity does not
vary with temperature.

SPECIFIC HEAT

The specific heat is the amount of heat in Btu it takes to raise the temperature of one pound of
the material one degree Fahrenheit.

DENSITY

The density of the material is its weight in pounds per cubic foot.

R-VALUE PER INCH

The R-value is the resistance to heat flow for a 1 inch thick layer.

2.2.9.1 Constructions

Constructions are defined by the compliance user for use in exterior walls, interior walls, attic roofs,
cathedral ceilings, ceilings (below attic), exterior floors, and interior floors. The user assembles a
construction from one or more layers of materials as shown in Figure 2-2. For framed constructions
there is a framing layer that has parallel paths for the framing and the cavity between the framing
members. The layers that are allowed depend on the surface type. The Compliance Manager
calculates a winter design U-factor and compares it to the U-factor of a construction that meets the
prescriptive Standards. The U-factor is displayed as an aid to the user and is not used in the energy
simulation.

10
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Figure 2-2: Example Construction Data Screen

P2100a B

Construction Data

Currently Active Construction: |Example Wall Construction j
_ Frame R: 11.597
Construction Name: | Example Wall Construction Cavity R: 23.985
Can Assign To: |Exterior Walls ~| Frm Fetr- 0.250
Construction Type: |Wood Framed Wall j

Construction Layers (inside to outside)

Cavity Path Frame Path
Inside Finish- |Gypsum Board ~| [Gypsum Board ~|
Sheathing / Insulation: |— no sheathing/insul. - j |— no sheathing/insul. - ﬂ
' Cavty / Frame: [R 18 ]
Sheathing / Insulation: |R4 Sheathing ~| |R4 Sheathing

-
-

Exterior Finish: |Wood Siding/sheathing/decking j |Wood Siding/sheathing/decking

Winter Design U-value: | 0.0528 Btu/h-fti2-°F (meets max code 0.0567 U-value (0.0528))

PROPOSED DESIGN

The user defines a construction for each surface type included in the Proposed Design. Any
variation in insulation R-value, framing size or spacing, interior or exterior sheathing or
interior or exterior finish requires the user to define a different construction. Insulation R-
values shall be based on manufacturers rated properties rounded to the nearest whole R.
Layers such as sheetrock, wood sheathing, stucco and carpet whose properties are not
compliance variables are included as generic layers with standard thickness and properties.

STANDARD DESIGN

The Compliance Software assembles a construction meeting the prescriptive Standards for
each user-defined construction.

VERIFICATION AND REPORTING

All proposed constructions shall be documented in the compliance reports.

11
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2.2.10 Heating Subsystems

The heating subsystem describes the equipment that supplies heat to an HVAC System. Heating
systems are categorized according to the types show in Table 2-4.

Table 2-5: HVAC Heating Equipment Descriptors

Recommended Descriptor Heating Equipment Reference

CntrlFurnace Gas- or oil-fired central furnaces, propane furnaces or heating equipment considered equivalent to a gas-fired
central furnace, such as wood stoves that qualify for the wood heat exceptional method. Gas fan-type central
furnaces have a minimum AFUE=78%. Distribution can be gravity flow or use any of the ducted systems.
[Efficiency Metric: AFUE]

Heater Non-central gas- or oil-fired space heaters, such as wall heaters floor heaters or unit heater. Equipment has
varying efficiency requirements. Distribution is ductless and may be gravity flow or fan-forced. Can refer to
floor furnaces and wall heaters within the description field for CntrIFurnaces, [Efficiency Metric: AFUE]

Boiler Gas or oil boilers. Distribution systems can be Radiant, Baseboard or any of the ducted systems. Boiler may be
specified for dedicated hydronic systems. Systems in which the boiler provides space heating and fires an
indirect gas water heater (IndGas) may be listed as Boiler/CombHydro Boiler and shall be listed under
“Equipment Type” in the HVAC System:s listing. [Efficiency Metric: AFUE]

SplitHeatPump Heating side of central split system heat pump heating systems. Distribution system shall be one of the ducted
systems. [Efficiency Metric: HSPF]

PkgHeatPump Heating side of central packaged heat pump systems. Central packaged heat pumps are heat pumps in which
the blower, coils and compressor are contained in a single package, powered by single phase electric current,
air cooled, rated below 65,000 Btuh. Distribution system shall be one of the ducted systems. [Efficiency

Metric: HSPF]

LrgPkgHeatPump Heating side of large packaged units rated at or above 65,000 Btu/hr (heating mode). Distribution system shall
be one of the ducted systems. These include water source and ground source heat pumps. [Efficiency Metric:
COP]

RoomHeatPump Heating side of non-central room air conditioning systems. These include small ductless split system heat

1”

pump units and packaged terminal (commonly called “through-the-wal
Ductnone. [Efficiency Metric: COP]

) units. Distribution system shall be

Electric All electric heating systems other than space conditioning heat pumps. Included are electric resistance
heaters, electric boilers and storage water heat pumps (air-water) (StoHP). Distribution system can be Radiant,
Baseboard or any of the ducted systems. [Efficiency Metric: HSPF]

CombHydro Water heating system can be storage gas (StoGas, LgStoGas), storage electric (StoElec) or heat pump water
heaters (StoHP). Distribution systems can be Radiant, Baseboard, or any of the ducted systems and can be
used with any of the terminal units (FanCoil, RadiantFlr, Baseboard, and FanConv).

PROPOSED DESIGN

The user selects the type and supplies inputs for the heating subsystem in the Heating System
Data screen shown in Figure 2-3 and Figure 2-4. The user inputs the appropriate rated
heating efficiency factor. The rated heating capacity not a compliance variable and is
calculated for use in the simulation by the Compliance Software for all systems except heat
pumps. For heat pumps the user inputs the rated heating capacity at 17F and 47F of the heat
pump compressor that will be installed and the software sizes the backup electric resistance
heat for use in the simulation.

If the system is a non-ducted non-central gas furnace system, the Compliance Software shall
require the user to select the type and size of the equipment from the Appliance Efficiency
Regulations for Gas Fired Wall Furnaces, Floor Furnaces and Room Heaters, where the

12



2013 Residential ACM Reference Manual — DRAFT 2.2 The Building

system size, as a default, may be determined as 34 Btu/hour per square foot of conditioned
floor area to establish the Standard Design efficiency.

STANDARD DESIGN

When electricity is used for heating, the heating equipment for the Standard Design shall be
an electric split system heat pump with a Heating Seasonal Performance Factor (HSPF)
meeting the Appliance Efficiency Regulations requirements for split systems, unless the
Proposed Design is a non-ducted room heat pump, in which case the Standard Design is the
same. The Standard Design heat pump compressor size is determined by the software based
on the compressor size calculated for the air conditioning system.

When electricity is not used for heating, the equipment used in the Standard Design building
shall be a gas furnace with an Annual Fuel Utilization Efficiency (AFUE) meeting the
Appliance Efficiency Regulations minimum efficiency for central systems, unless the
Proposed Design is a non-ducted system, in which case the Standard Design is the same.
When a Proposed Design uses both electric and non-electric heat, the Standard Design shall
be a gas furnace.

Figure 2-3: Heating System Data Screen

P2100a E=R>)

Heating System Data

-

Currently Active Heating System: |Heating Component 1 j

Name: |Heating Component 1

| Type: |Electric - All electric heating systems other than heat pump j
- select heating component type -
CntriFurnace - Fuel-fired central furnace mps.
Heater - Non-central fuel-fired space heater Fat pumps
Boiler - Gas or oil boiler of the ducted

SplitHeatPump - Heating side of central split heat pump
PkgHeatPump - Heating side of central packaged heat pump
LrgPkgHeatPump - Heating side of large (= 65 kBtuh) packaged unit
RoomHeatPump - Heating side of non-central room A/C system -
AFUE: |Electric - All electric heating systems other than heat pump 8 Btuh

CombHydro - Water heating system can be storage gas/elec/ht pump

13
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Figure 2-4: Heating System Data Screen

P2100a LB S |

Heating System Data

-

Currently Active Heating System: |Heating Component 1 j

Name: |Heating Component 1

Type: |CntrIFurnace - Fuel-fired central furnace ﬂ

CntrlFurnace: Gas- or oil-fired central furnaces, propane furnaces or heating equipment
considered equivalent to a gas-fired central furnace, such as wood stoves that qualify
for the wood heat exceptional method. Gas fan-type central furnaces have a minimum
AFUE=78%. Distribution can be gravity flow or use any of the ducted systems.
[Efficiency Metric: AFUE]

AFUE: 78.0 9% Capacity: 35,448 Btuh

k

VERIFICATION AND REPORTING

The proposed heating system type and rated efficiency shall be reported in the compliance
reports. The rated heating capacity of each proposed heat pump is reported on the CF1 so
that installed size can be verified to be at least as large.

Special Systems — Hydronic Distribution Systems and Terminals

This listing shall be completed for hydronic systems that have more than 10 feet of piping (plan
view) located in unconditioned space. As many rows as necessary may be used to describe the
piping system. Note that hydronic heating systems (combined or not) shall be reported in the Special
Features Inspection Checklist. The entry for the Special Features Inspection Checklist shall indicate any
additional listings that are reported for this feature so that the local enforcement agency can verify
the additional information needed to check this special feature.

Information to be provided on the CF-1R may include:

e Piping Run Length (ft). The length (plan view) of distribution pipe located in unconditioned
space, in feet, between the primary heating/cooling source and the point of distribution.

e Nominal Pipe Size (in.). The nominal (as opposed to true) pipe diameter in inches.

e Insulation Thickness (in.). The thickness of the insulation in inches. Enter "none" if the pipe is
uninsulated.

14
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o Insulation R-value (hr-ft>- F/Btu). The installed R-value of the pipe insulation. Minimum pipe
insulation for hydronic systems is as specified in §150(j).

2.2.11 Cooling Subsystems

The cooling subsystem describes the equipment that supplies cooling to an HVAC System.

Recommended Descriptor

Table 2-6: HVAC Cooling Equipment Descriptors

Cooling Equipment Reference

NoCooling Entered when the proposed building is not air conditioned or when cooling is optional (to be installed at some
future date). Both the Standard Design equivalent building and the Proposed Design use the same default
system (refer to sections 3.9.4. [Efficiency Metric: SEER]

SplitAirCond Split air conditioning systems. Distribution system shall be one of the ducted systems. [Efficiency Metric: SEER
and EER]

PkgAirCond Central packaged air conditioning systems less than 65,000 Btuh cooling capacity. Distribution system shall be

one of the ducted systems. [Efficiency Metric: SEER and EER]

LrgPkgAirCond

Large packaged air conditioning systems rated at or above 65,000 Btu/hr (cooling capacity). Distribution
system shall be one of the ducted systems. [Efficiency Metric: EER]

RoomAirCond

Non-central room air conditioning cooling systems. These include small ductless split-system air conditioning
units and packaged terminal (commonly called through-the-wall) air conditioning units. Distribution system
shall be Ductnone. [Efficiency Metric: EER]

SplitHeatPump

Cooling side of split heat pump systems. Distribution system shall be one of the ducted systems. [Efficiency
Metric: SEER and EER<65,000 Btu/hr EER>65,000 Btu/hr]

PkgHeatPump Cooling side of central single-packaged heat pump systems with a cooling capacity less than 65,000 Btuh.
Distribution system shall be one of the ducted systems. [Efficiency Metric: SEER]

LrgPkgHeatPump Cooling side of large packaged heat pump systems rated at or above 65,000 Btu/hr (cooling capacity).
Distribution system shall be one of the ducted systems. [Efficiency Metric: EER]

GasCooling Gas absorption cooling. Three descriptors, COP95, the rated COP for the gas portion, CAP95, the rated
capacity, and PPC, the parasitic electric energy at rated conditions in Watts.

RoomHeatPump Cooling side of non-central, room heat pump systems. These include small ductless split-system air
conditioning units and packaged terminal (commonly called “through-the-wall”) units. Distribution system
shall be Ductnone. [Efficiency Metric: EER]

EvapDirect Direct evaporative cooling systems. Assume minimal efficiency air conditioner. The default distribution system

location is DuctAttic; evaporative cooler duct insulation requirements are the same as those for air conditioner
ducts. [Efficiency Metric: SEER]

EvaplIndirDirect

Indirect-direct evaporative cooling systems. Assume energy efficiency ratio of 13 EER.

Evapindirect

Indirect evaporative cooling systems. Assume energy efficiency ratio (EER) or 13. The default distribution
system location is DuctAttic; evaporative cooler duct insulation requirements are the same as those for air
conditioner ducts. [Efficiency Metric: EER]

Evap/CC Evaporatively Cooled Condensers. A split mechanical system, with a water-cooled condenser coil. (Efficiency
metric: EER)
IceSAC Ice Storage Air Conditioning. Split air conditioner condensing coil in combination with ice storage. (Efficiency
metric in system performance tables)
Table 2-7: Cooling Zoning Descriptors
Zoning Type Description

ZonalSingleSpeed

A ducted cooling system with a single speed compressor and zone control dampers

ZonalMultiSpeed

A ducted cooling system with a multiple speed or variable speed compressor and zone control dampers

NotZonal

Any cooling system that has no zone control dampers
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PROPOSED DESIGN

The user selects the type of cooling equipment from Table 2-5 and enters basic information to
model the energy use of the equipment. At a minimum, enter the Cooling Equipment
Descriptor, zoning type, SEER, and whether the system is ducted or non-ducted. For ducted
cooling systems the cooling air flow from the conditioned zone through the cooling coil is an
input. If the cooling system is non-ducted, the software shall require the user to select the
type and capacity of the equipment from the Appliance Efficiency Regulations for Room Air
Conditioners, Room Air Conditioning Heat Pumps, Package Terminal Air Conditioners and
Package Terminal Heat Pumps. The rated cooling capacity not a compliance variable and is
calculated for use in the simulation by the Compliance Software for all systems. See sections
below for the details of specific inputs.

STANDARD DESIGN

The cooling system for the Standard Design building shall be a NotZonal split system air
conditioner or heat pump meeting the minimum Package A prescriptive requirements. The
Standard Design system shall assume verified refrigerant charge in climate zones 2 and 8 to

15 and mandatory fan efficacy in all climate zones.

VERIFICATION AND REPORTING

Table 2-8: Summary of Air Conditioning Measures Requiring Verification

Measure Description Procedures (Need Update)
Verified Refrigerant Air-cooled air conditioners and air-source heat pumps be RA3.2, RA1.2
Charge diagnostically tested to verify that the system has the correct
refrigerant charge. The system must also meet the System Airflow
requirement.
Verified Charge A Charge Indicator Display can be installed as an alternative to RA3.4.2
Indicator Display refrigerant charge testing.
Verified System When compliance requires verified System Airflow greater than or RA3.3
Airflow equal to a specified criterion.
Verified Air-handling | To verify that Fan Efficacy (Watt/cfm) is less than or equal to a RA3.3

Unit Fan Efficacy specified criterion,
Verified EER Credit for increased EER by installation of specific air conditioner or | RA3.4.3, RA3.4.4.1

heat pump models
Verified SEER Credit for increased SEER RA3.4.3,RA3.4.4.1
Evaporatively Cooled Must be combined with Refrigerant Charge, and Verified EER. RA3.1.4.3, RA3.2, RA3.4.3,
Condensers RA3.4.4.1

Ice Storage Air
Conditioners

RA3.1.4.3, RA3.2, RA3.4.3,
RA3.4.4.1
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Verified Refrigerant Charge or Charge Indicator Display

Proper refrigerant charge is necessary for electrically driven compressor air conditioning systems to
operate at full capacity and efficiency. Software calculations set the a compresser efficiency
multiplier to 0.90 to account for the impact of improper refrigerant charge or 0.96 for proper charge.

PROPOSED DESIGN

The software shall allow the user to indicate if systems have diagnostically tested refrigerant
charge or a field verified charge indicator display. This applies only to ducted split system
and package air conditioners and heat pumps, as well as mini-split heat pumps.

STANDARD DESIGN

The Standard Design building shall be modeled with either diagnostically tested refrigerant
charge or a field verified charge indicator display if required for the proposed cooling system

type.
VERIFICATION AND REPORTING

These features require field verification or diagnostic testing and shall be reported in the
HERS Required Verification listings on the CF-1R. Details on refrigerant charge measurement
are discussed in Reference Residential Appendix RA. Information on the requirements for
charge indicator displays is located in Reference Joint Appendix JA6.1.

System Return Air Flow

Adequate return air flow from the conditioned space is required to allow ducted air conditioning
systems to operate at their full efficiency and capacity. Efficiency is achieved by the air distribution
system design, by improving the efficiency of motors or air distribution systems with less resistance
to air flow. Software calculations account for the impact of air flow on sensible heat ratio and
compressor efficiency.

PROPOSED DESIGN

The default cooling air flow is 260 CFM/ton for ZonalSingleSpeed systems and 350 CFM/ton for all
other ducted cooling systems. However, users may specify a higher air flow and receive credit in the
compliance calculation if greater verified system air flow is specified and diagnostically tested using
the procedures of Reference Residential Appendix RA3.

STANDARD DESIGN

The Standard Design shall assume a verified system airflow of 350 cfm per ton.

17
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VERIFICATION AND REPORTING

System air flow shall be reported in the HERS Required Verification listings of the CF-1R. Air flow
shall be tested, certified and verified using the procedures of Reference Residential Appendix RA3.3.

Verified Energy Efficiency Ratio (EER)

PROPOSED DESIGN

Software shall allow the user the option to enter an EER rating for cooling equipment. For
equipment that is rated only with an EER (some evaporative coolers, room air conditioners),
the user will enter the efficiency as an SEER.

STANDARD DESIGN

The Standard Design does not include an EER rating for cooling equipment.

VERIFICATION AND REPORTING

Verified EER shall be reported in the HERS Required Verification listings on the CF-1R. The
EER rating will be verified using rating data from AHRI Directory of Certified Product
Performance at www.ahridirectory.org or another directory of certified product performance

ratings approved by the Commission for determining compliance.

Verified Seasonal Energy Efficiency Ratio (SEER)

PROPOSED DESIGN

The software allows the user to specify a SEER higher than the default minimum.

STANDARD DESIGN

The Standard Design is based on the default minimum efficiency SEER for the type of cooling
equipment specified in the Proposed Design.

VERIFICATION AND REPORTING

If a SEER higher than the default minimum efficiency is specified in software, the SEER
requires field verification. The higher than minimum SEER rating will be verified using
rating data from AHRI Directory of Certified Product Performance at www.ahridirectory.org
or another directory of certified product performance ratings approved by the Commission
for determining compliance. Verified SEER shall be reported in the HERS Required Verification
listings on the CF-1R.

Verified Evaporatively-Cooled Condensers
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PROPOSED DESIGN

Software shall allow users to specify an evaporatively cooled condensing unit. The
installation must comply with the requirements of RA4.3.2 to ensure the predicted energy
savings are achieved. This credit must be combined with verified refrigerant charge testing.
Verified evaporatively-cooled condensing unit and its required measures shall be reported in
the HERS Required Verification listings on the CF-1R.

STANDARD DESIGN

The Standard Design is based on a split system air conditioner meeting the requirements of

Package A.

VERIFICATION AND REPORTING

Verified Ice Storage Air Conditioners

PROPOSED DESIGN

Software shall allow users to specify Ice Storage Air Conditioners (ISAC). The installation
must comply with the requirements of RA4.3.1 to ensure the predicted energy savings are
achieved. This credit must be combined with verified duct sealing and verified refrigerant
charge testing. Verified ISAC and its required measures shall be reported in the HERS
Required Verification listings on the CF-1R.

STANDARD DESIGN

The Standard Design is based on a split system air conditioner meeting the requirements of
Package A.

VERIFICATION AND REPORTING

Evaporative Cooling

PROPOSED DESIGN

Software shall allow users to specify an evaporative cooler.

STANDARD DESIGN

The Standard Design is based on a split system air conditioner meeting the requirements of
Package A.
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VERIFICATION AND REPORTING

The installation must comply with the requirements of RA4.3.2 to ensure the predicted
energy savings are achieved its required measures shall be reported in the HERS Required
Verification listings on the CF-1R.

2.2.12 Fan Systems

Fan systems move air for air conditioning, heating and ventilation systems. The software allows the
user to define fan systems to be used in HVAC, cooling ventilation and indoor air quality ventilation
systems.

PROPOSED DESIGN

For each fan system, the user selects the type of equipment from Table 2-7 and enters basic

information to model the energy use of the equipment. For ducted central air conditioning

and heating systems the fan efficacy default is the mandatory minimum verified efficacy of
0.58 W/CFM.

STANDARD DESIGN

The Standard Design fan shall meet the minimum Package A prescriptive requirements.

VERIFICATION AND REPORTING

Non default fan efficacy shall be reported in the HERS Required Verification listings on the
CF-1R. Minimum verified fan efficacy is a mandatory requirement for all ducted cooling

systems.
Table 2-9: Fan System Types

Measure Description Inputs

Single Speed PSC Typical furnace fan used in central heating and air conditioning CFM, W/CFM

Furnace Fan systems. Mandatory verified minimum efficacy of 0.58 W/CFM.

BPM Furnace Fan Brushless Permanent Magnet type furnace fan used in central CEM, W/CFM
heating and air conditioning systems. Mandatory verified
minimum efficacy of 0.58 W/CFM at full system air flow.

Whole House Fan Traditional whole house fan cooling ventilation system. Efficacy in CFM, W/CFM
W/CFM as listed in the CEC directory.

Standalone IAQ fan Dedicated single speed indoor air quality ventilation fan system. CFM, W/CFM, Type, Heat
Type is Supply, Exhaust or Balanced as defined in ASHRAE Recovery Effectiveness.
Standard 62.2. If type is balanced can have heat recovery.

Variable Speed Variable speed HVAC and cooling ventilation system

Integrated ventilation

Cooling
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Fixed Speed Single speed HVAC and cooling ventilation system
Integrated ventilation
Cooling

Central Fan Integrated | IAQ system that uses the typical furnace fan in central heating and
TIAQ system air conditioning system to provide IAQ ventilation

2.2.13 Distribution Subsystems

If multiple HVAC distribution systems serve a building each system and the conditioned space it
serves may be modeled in detail separately or the systems may be aggregated together and modeled
as one large system. If the systems are aggregated together they must be the same type and all meet
the same minimum specifications.

For the purposes of duct efficiency calculations, the supply duct begins at the exit from the furnace
or air handler cabinet.

Credit is available for supply duct systems entirely in conditioned space, with reduced
surface area in unconditioned spaces and varying combinations of higher performance
insulation. In order to claim these credits the detailed duct system design shall be
documented on the plans, and the installation shall be certified by the installer and verified
by a HERS rater. The size, R-value, and location of each duct segment in an unconditioned
space and if buried in attic insulation, the information described below shall be shown in the
design and entered into the Compliance Software. The Compliance Software shall calculate
the area and effective R-value of the duct system in each location using the procedures
specified below.

Table 2-10: HVAC Distribution Type and Location Descriptors

Recommended Descriptors HVAC Distribution Type and Location Reference

Air Distribution Systems Fan-powered, ducted distribution systems that can be used with most heating or cooling systems.
When ducted systems are used with furnaces, boilers, or combined hydronic/water heating systems
the electricity used by the fan shall be calculated. R-value shall be specified in "Duct R-value" column
when a ducted system is specified

DuctsAttic Ducts located overhead in the unconditioned attic space

DuctsCrawl Ducts located underfloor in the unconditioned crawlspace

DuctsCVC Ducts located underfloor in a controlled ventilation crawlspace space

DuctsGarage Ducts located in an unconditioned garage space.

DuctsBasemt Ducts located in an unconditioned basement space

DuctsInEx12 Ducts located within the conditioned floor space except for less than 12 lineal feet of duct, typically an

HVAC unit in the garage mounted on return box with all other ducts in conditioned space.

DuctsInAll HVAC unit or systems with all HVAC ducts located within the conditioned floor space. Location of
ducts in conditioned space eliminates conduction losses but does not change losses due to leakage.
Leakage from either ducts that are not tested for leakage or from sealed ducts is modeled as leakage
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Recommended Descriptors HVAC Distribution Type and Location Reference

to outside the conditioned space.

DuctsNone Air distribution systems without ducts such as ductless split system air conditioners and heat pumps,
window air conditioners, through-the-wall heat pumps, etc.

DuctsOutdoor Ducts located in exposed locations outdoors.

Ductless Systems Ductless radiant or warm/cold air systems using fan-forced or natural air convection such as ductless

mini-split heat pumps and hydronic systems relying upon circulation pumps and fan-forced or natural
air convection

Furnaces Heating equipment such as wall and floor furnaces

Radiant Radiant electric panels or fanless systems used with a boiler, electric or heat pump water heater, or
combined hydronic heating equipment.

LowLICod

Verified Low Leakage Ducts in Conditioned Space - defined as duct systems for which air leakage to
outside conditions is equal to or less than 25 cfm when measured in accordance with Reference
Residential Appendix RA3.1.4.3.9,

LowLkAH

Low Leakage Air Handlers — for factory sealed air handler unit tested by the manufacturer and
certified to the Commission to have achieved a 2 percent or less leakage rate at 1-inch water gage —
as prescribed in Reference Residential Appendix RA3.1.4.3.10.

Baseboard

Electric baseboards or hydronic baseboard finned-tube natural convection systems

PROPOSED DESIGN

The Compliance Software shall allow the user to select from the basic types of HVAC
distribution systems and locations listed in Table 2-8. As a default, for ducted systems,
HVAC ducts and the air handler are located in the attic.

Proposed HVAC systems with a duct layout and design on the plans may locate the ducts in
the crawlspace or a basement if the layout and design specify that all of the supply registers
are located in the floor or within two feet of the floor, and show the appropriate locations for
the ducts. Otherwise, the default location is the attic.

Proposed HVAC systems with a complete duct design, including the duct layout and design
on the plans, may allocate duct surface area in more detail in the Compliance Software model
but the distribution of duct surface areas by location shall appear on the HERS Required
Verification list of the CF-1R. The rater shall verify the existence of duct design and layout
and the general consistency of the actual HVAC distribution system with the design.

The software shall allow users to specify any of the verified or diagnostically tested HVAC
distribution systems or conditions in the Proposed Design (see Table 2-9). The default shall be
that duct testing or verification of ducts in conditioned space is required for ducted systems.

Table 2-11: Summary of Verified Air Distribution Systems

Measure Description Procedures

Verified Duct Sealing Mandatory measures require that space RA3.1.4.3
conditioning ducts be sealed. Field verification and
diagnostic testing is required to verify that
approved duct system materials are utilized and
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Measure

Description

Procedures

that duct leakage meets the specified criteria.

Verified Supply Duct Location, Surface
Area and R-value

Compliance credit can be taken for improved
supply duct location, surface area and R-value.
Field verification is required to verify that the duct
system was installed according to the design,
including location, size and length of ducts, duct
insulation R-value and installation of buried ducts.!
For buried ducts measures Verified High Quality
Insulation Installation (QII) is required.

RA3.1.4.1

Verified Ducts in Directly Conditioned
Space and Low Leakage Ducts in
Conditioned Space

When the Standards specify use of the procedures
in Section RA3.1.4.3.8 to determine if space
conditioning system ducts are located entirely in
directly conditioned space, the duct system location
shall be verified by diagnostic testing. Compliance
credit can be taken for verified duct systems with
low air leakage to the outside when measured in
accordance with Reference Residential Appendix
Section RA3.1.4.3.8. Field Verification for ducts in
conditioned space is required. Duct sealing is
required.

RA3.1.4.3.8

Low Leakage Air-handling Units

Compliance credit can be taken for installation of a
factory sealed air handling unit tested by the
manufacturer and certified to the Commission to
have met the requirements for a Low Leakage Air-
Handling Unit achieved. Field verification of the air
handler’s model number is required. Duct Sealing
is required.

RA3.1.4.3.9

Verified Return Duct Design

Verification to confirm that the return duct design
conforms to the criteria given in Table 150.0-C or
Table 150.0-D.

RA3.1.4.4

1. Compliance credit for increased duct insulation R-value (not buried ducts) may be taken without field verification if the R-
value is the same throughout the building, and for supply ducts located in crawlspaces and garages where all supply registers
are either in the floor or within 2 feet of the floor. These two credits may be taken subject only to enforcement agency

inspection.

STANDARD DESIGN

The standard heating and cooling system for central systems is modeled with non-designed
air distribution ducts located in an attic space attic or as described in Table 2-10, with verified
tested duct leakage (see Table 2-13) and a radiant barrier in climate zones where required by
Package A. The Standard Design duct insulation is determined by Package A as R-6 in
climate zones 1-13, and R-8 in climate zones 14-16. The Standard Design building is assumed
to have the same number of stories as the Proposed Design for purposes of determining the
duct efficiency. For non-central HVAC systems, the Standard Design shall have no ducts.
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Table 2-12: Summary of Standard Design Duct Location

Configuration of the Standard Design

Proposed Design Standard Design Duct Location Detailed Specifications

Attic over the dwelling unit Ducts and air handler located in the Ducts sealed (mandatory requirement)

attic No credit for verified R-value, location or

No attic but crawlspace or basement Ducts and air handler located in the duct design
crawlspace or basement

No attic, crawlspace or basement Ducts and air handler located indoors

This table is applicable only when the Standard Design system has air distribution ducts as
determined in Table 2-8.

VERIFICATION AND REPORTING

VERIFICATION AND REPORTING
2.2.13.1 Duct Location

Duct location determines the external temperature for duct conduction losses, the
temperature for return leaks, and the thermal regain of duct losses.

PROPOSED DESIGN
STANDARD DESIGN

VERIFICATION AND REPORTING
2.2.13.2 Return Duct Location

If return ducts are located entirely in the basement, the calculation shall assume basement
conditions for the return duct efficiency calculation. If the return duct is located entirely in
conditioned space and the system meets the requirements for Verified Low Leakage Ducts in
Conditioned Space, the return duct shall be assumed to be in conditioned space. Otherwise,
the return duct shall be entirely located in the attic 